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Investigations on a Slurry Drier or Calcinator.—II. 


By W. GILBERT, Wh.Sc., M.Inst.C.E. 


(24) The rate at which clinker is produced by the kiln at Chinnor is of 
exceptional interest since the feed consists of partly-dried slurry, the lump size 
varying from ? in. to 4 in. in diameter, together with a small proportion of finer 
material. 

Usually a dry-process rotary kiln produces scarcely more clinker than a 
wet-process rotary kiln of similar dimensions, hence it may be thought that the 
output of a wet-process kiln could not be substantially increased by feeding it 
with semi-dry slurry. The comparison, however, is misleading since the falling 
off in the rate of heat transmission in a dry-process kiln is mainly due to the 
extremely small size of the raw material particles which constitute the charge 
[see reference (h), on page 153]. 


An Improved Method of Expressing Heat Quantities. 


(25) The bituminous coal used for rotary kilns in England varies little in 
composition, hence it is convenient for calculation purposes, although not quite 
so accurate, to replace the coal actually used by an equivalent. quantity of 
standard coal. A suitable analysis of standard coal was given in para. (10). 

Assuming a fixed percentage of excess air, the total heat of the products of 
combustion per pound of coal, at any temperature, will be the same for all kilns. 
Proceeding on these lines it is convenient to express all heat quantities in B.T.U. 
per pound of standard coal used instead of in pounds of standard coal per 100 lb. 
of clinker. For the Chinnor kiln 22.2 lb. of standard coal per too Ib. of clinker is 
equivalent to 12,600 B.T.U. per Ib. of standard coal used, hence we can pass from 
the former to the latter method of expression on multiplying by zoe, or 568. 


( 139 ) B 
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Heat Transmission Calculations for Chinnor Kiln. 


(26) A method of calculating the surface area which would be required in the 
various stages of a wet-process kiln in order to produce a given output of clinker 
has already been described by the writer in this journal for December, 1933, 
January, 1934, and May, 1934. It is now proposed to apply this method ot 
calculation to the Chinnor kiln in order to find out if the 27 per cent. increase in 
output due to the installation of the calcinator is in accordance with theory and 
could have been predicted. In this instance the calculations are less extensive 
since the earlier stages of the drying zone, usually filled with chains, are absent. 

(27) Particulars of the various gases which leave the kiln were given in 
para. (10), and their heat content per pound of coal at various temperatures has 
been calculated and is given in Table 3. 

TABLE 3. 


HEAT CONTENT ABOVE 60 DFG. F. OF THE KILN GASES AT VARIOUS TEMPERATURES, 
EXPRESSED IN B.T.U. PER LB. OF STANDARD COAL USED. 





Gas temperatures in deg. F. 


1,500 1,800 | 2,100 | 2,450 


Products of combustion ae ag 3,8 | 4,627 5,571 6,517 | 7,653 
CO, from raw material ie oc § 789 o81 1,174 1,408 
Steam from slurry (1.50 Ib.) .. a ; 2,628 2,870 9,328 — 





(28) A heat balance for the kiln and calcinator combination was given in 
para. (15), but it is now convenient to set down a heat balance for the kiln only, 
the heat quantities being expressed in B.T.U. per pound of coal used. In addition 
to the quantities given in para. (10) it should be noted that the CaCO, decomposed 
is 5.27 lb. and the clinker produced is 4.50 lb. per pound of coal used. 


HEAT BALANCE FOR KILN ONLY. 
(Exit-gas temperature 1,225 deg. F.) 

B.T.U. per 

lb. of coal. 

(a) Decomposition of 5.27 Ib. of CaCO, 25 aiewAl 4,112 
(b) Slurry moisture (1.5 Ib.) ev aporated from and at 212 deg. I ae 2 1,455 
(c) Slurry moisture superheated to 1,225 deg. I. 730 
| 


(2d) Heat lost in products of combustion and in excess air at 1 225 ‘deg. F. 
(see Table 3) ; a 

(e) Heat lost in CO, from raw “material at Z; 225 deg. F. (see Table 3) 

(f) Kiln radiation, 2.34 x 568 .. ; os oe 4 we 

(g) Cooler radiation, 1.87 x 568 

(h) Hot clinker loss, 0.87 x 568 


3,802 
623 
1,329 
1,062 
494 


Total es i a o% ee 13,613 
Deduct : 
(t) Heat due to exothermic reaction, 1.35 x 568 
(i) 4.5 lb. of raw material raised from 60 to 212 deg. F. in calcinator 
(p = 0.25) 
(k) 2.33 Ib. of CO, (incorporated) raised from 60 to. 212 deg. F. in 
calcinator (b = 0.21) - be : 


Total per Ib. of standard coal 


Specific heat is denoted by ¢. 
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It will be seen that the heat quantities used or wasted add up to 12,600 B.T.U., 
which is the calorific value of 1 lb. of standard coal. 

In a heat balance for a kiln working without a calcinator it is assumed that 
the heat spent in heating the raw material from 60 deg. F. is restored in the 
kiln or cooler, so that it is only necessary in this connection to take account of 
heat actually lost. In this case, however, the raw material is heated from 
60 deg. to 212 deg. F. in the calcinator, hence suitable allowance is made in 
lines (j) and (A). 

Details of Heat Supply to Kiln only. 
(Exit-gas temperature 1,225 deg. F.) 

(29) The heat quantities are now re-arranged in order to show in proper 
order the heat which has to be transmitted to the material in the various stages 
as it travels down the kiln. The heat quantities are again expressed in B.T.U. 
per pound of coal used. 


B.T.U. per 
lb. of coal. 


(a) Evaporation of Slurry Moisture : pe 
1.5 lb. of water evaporated from and at 212 deg. F. “a 1,455 
1.5 lb. of steam superheated to 1,225 hes F. oe we 730 
Radiation from kiln shell ~~ ? as ais és 244 
(b) Raising Raw Material Temperature : 
4-5 lb. of raw material raised from 212 to 1,300 deg. F. 
(¢ = 0.25) 
2.33 lb. CO, (incorporated) raised from 212 to t, 300 ‘deg. F, 
($ = 0.234) . . 
Radiation from kiln shell 


(c) Decomposition of CaCOs : 
4-5 lb. of raw material raised 1,300 to 1,700 deg. F. (6 =0.25) 
2.33 lb. CO, er raised 1,300 to 1,500 deg. F 
(¢ = 0.257) . ae af dt 
Decomposition of 5. 27 Ib. CaCO; 
Radiation from kiln shell 


(d) Raising Material Temperature : 
4.5 lb. material raised from 1,700 to 1,850 -~ F. (6=0.255) 
Radiation from kiln shell ‘ we : a ei 


(e) Clinkering : : 
4.5 lb. raw material raised from 1,850 to 2,450 deg. F. " 
exothermic reaction (¢ = 0.284) ‘ ip 
Radiation from kiln sheil . 
Radiation to cooler through section KK in Fig. 3 (see 
para. (16)] 0.29 x 568 as 7 os 








In this statement the allowance for kiln shell radiation loss has to be assumed 
in the first instance, and later adjusted when the length of kiln shell required for 
each of the sections (a) to (e) is known. 


Kiln Temperature Diagram. 
(30) It is now convenient to introduce a graph (see Fig. 6) which shows the 
stages into which the kiln is divided for calculation purposes, and also the gas 
and material temperatures at the beginning and end of each stage. Under the 
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diagram the kiln shell is drawn to scale. In previous diagrams the drying zone 
of the kiln has been divided into five stages, the temperature of the slurry being 
raised to 212 deg. F. in stage (1), and one-fourth of the moisture being evaporated 
in each of stages (2), (3), (4), and (5). In this instance the kiln only evaporates 
about 34 per cent. of the original moisture, hence, retaining the same stage 
numbers, a stage (5) will be required, and a stage (4) of rather less than half the 
normal length. The various assumptions on which the diagram is based have 
been mainly justified in previous articles. 

(31) RAw MaTeriAL Line.—Taking first the raw material line, the average 
temperature remains at 212 deg. F. until drying is complete at point A. It then 
rises in stages (6), (7), (8), and (9) by four equal increments of 272 deg. F. to 
1,300 deg. F., when decomposition begins at point B. 














In the decomposition zone {stages (10) and (11)] the temperature rises by two 
equal increments during the decomposition process to 1,700 deg. F. at point C, 
and it is further raised to 1,850 deg. F. in stage (12) by heat transmitted (see 
point D). At the end of stage (12) the exothermic reaction is estimated to be 
sufficient to raise the material temperature to 2,450 deg. F. and to perform the 
clinkering along the line EF in stage (13). 

As the clinker passes through the cooler its temperature is seen to fall alony 
the line FGHI, the exit temperature at point I being 500 deg. F. 
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(32) AIR AND GAS TEMPERATURE LINE.—Taking next the air and gas tempera- 
ture line, the air enters the cooler end (see point J) at 60 deg. F. and the pre-heat 
is sufficient to raise its temperature to 620 deg. F. at point K at the end of 
stage (13), where ignition begins. The volatile matter in the coal is completely 
burned in stage (13), and the heat liberated is sufficient to raise the temperature 
of the mixed gas and air present to 2,006 deg. F. at point L. 

The coke particles which remain are burnt as they traverse the zone of flame 
radiation EM, being completely consumed as point M is reached. Their surface 


ee 


= 
i ie 


1200 1400 1600 1800 2000 2200 2400 DEG.FAH. 
Fig. 7. 


temperature is assumed to remain at 2,450 deg. F. throughout, and the heat 
liberated is partly radiated and partly used to bring the mixed gas temperature 
to 2,450 deg. F. at point M as shown by the line LM. 

At point M the gases present are the products of combustion, the excess air, 
and that portion of the CO, from the raw material which is driven off in the 
flame radiation zone EM. In this case it so happens that the flame radiation 

zone just reaches the beginning of stage (10), so that the whole of the CaCO, is 
- decomposed by flame radiation. The rise of the mixed gas temperature along the 
line KLM is further investigated in paras. (38) and (39). 
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From point M the gas temperature falls along the line MNOP, heat being 
supplied to the material travelling in the opposite direction by gas radiation 
and convection. The exit-gas temperature at point P is 1,225 deg. F. 


Proportion of Heat Transmitted by Flame Radiation 


(33) The proportion of the total heat developed which is radiated from the 


surface of the incandescent coke particles is calculated as follows. 
B.T.U. per 
Ib. of coal. 
Heat is supplied to the combustion zone : —_—_ 
(a) By the coal as fired os a eh ee oe ae -- 12,600 
(6) By air pre-heated, see para. (16) item (c) = 2.45 x 568 a ns 1,392 


Total ah rs vay S3902 


This heat is expended as follows : 
(c) In raising the temperature of the products of combustion from 60 to 
2,450 deg. F. (see Table 3) ts 7,053 
(d) In raising the temperature of the co, from the raw material from 
1,500 to 2,450 deg. F. (see Table 3) .. sa 619 
(e) In heat radiated from the burning coke particles, by ‘difference wa 5,720 


13,992 
It should be noted that the CO, incorporated with the raw material is heated 
with it to an average temperature of 1,500 deg. F., and in this instance the whole 
of it is liberated in the zone of flame radiation and raised to a temperature of 
2,450 deg. F. by mixture with the products of combustion. 


Sources of Heat Supply to Material. 


(34) The sources from which heat is transmitted to the material inside the 


kiln are therefore as follows : 


B.T.U. per 
lb. of coal. 


(a) Radiation from the incandescent coke particles .. aes ae ae 5,720 
(6) Exothermic reaction .. es 767 
(c) Heat given up by products ‘of combustion falling from 2 ,450 ‘to 1 225 

deg. F. (see Table 3) ; 3,851 
(2) Heat given up by CO, from the raw material falling from 2 Ase to 

1,225 deg. F. (see Table 3) nF i ie . . oy 785 


Total ce <n Ais 11,123 
This compares with the total in para. (29). 
Heat Transmitted by Gas Radiation and Convection Stages (4) to (9). 
Material and Gas Temperature Range in Each Stage. 


(35) The heat available in the gas by para. (34) items (c) and (d) is 4,636 
B.T.U. per Ib. of coal. From para. (29) it is seen that the heat required for 
items (a) and (6) in that paragraph is 4,650 B.T.U. per lb. of coal, hence it is 
assumed (with small error) that heat is supplied to the material by gas radiation 
and convection up to the end of stage (9), where decomposition of the CaCO; 
begins. 

Based on Table 3 a graph is prepared (see Fig. 7) which shows by the line 
AEB the heat content at various temperatures of the products of combustion 
plus the CO, from the raw material when reckoned above the kiln exit gas 
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temperature of 1,225 deg. F. The line ADC shows in addition the total heat of 
one-fourth of the slurry steam (which is 1.09 lb. per Ib. of coal used) above 
1,225 deg. F. [see para. (10) item (h)]. 

(36) The initial and final gas temperatures in stages (4) to (9g) are next 
obtained and set down in Table 4. The corresponding material temperatures 
‘an be obtained from para. (31). 


TABLE 4. 
MATERIAL AND GAS TEMPERATURE RANGE IN STAGES (4) TO (9). 





Heat transmitted, | 
B.T.U. per Ib. | Material temperature Gas temperature 
of coal used. range, deg. F. range, deg. F. 


Total : to > end 
of Lore itial. ‘inal. itial. Final. 


In stage. 





657 212 »225 I, 387 
2,435 212 3! 1,394 
2,989 8 ,034 


| | 

(4) : 
: 3,543 75 ,C3 178 
| 


(5) 
(6) 
(7) 
(8) 
(9) 


4,097 75 02 2,17 2,320 
4,050 ,028 ,30¢ 2,32 | 2,450 


Wn nar oD | 


_ 
4 en me te € 








(2) 3 (4) (6) 





Col. (1) shows the heat to be transmitted in each stage as obtained from the 
statement in para. (29). The evaporation in stage (4) is 0.41 lb. of. slurry 
moisture per lb. of coal, and 1.09 lb. in stage (5); hence the total heat to be 
transmitted in the two stages is divided in this ratio. 

To obtain the gas temperature at the end of stage (4), that is at point O on 
Fig. 6, it is seen that the gases present in this position are (a) the products of 
combustion, (b) the CO, from the raw material, and (c) one-fourth of the slurry 
steam. The total heat of these gases above 1,225 deg. F. as shown by Table 4 
must be 657 B.T.U. per lb. of coal, and the required gas temperature of 
1,387 deg. F. is taken from point D on the line ADC (see Fig. 7). 

The total heat of the gases at the end of stage (5), above 1,225 deg. F., as 
shown by Table 4 must be 2,435 B.T.U. per Ib. of coal used, and from the line 
AEB on Fig. 7 the required gas temperature is 1,894 deg. F. (see point E). 

The gas temperatures at the ends of stages (6), (7), (8), and (g) are obtained 
in the same manner. 


Gas Composition and Temperature throughout the Combustion Zone. 


(37) In the combustion zone, which consists of stages (10), (11), (12), and (13), 
heat is transmitted to the material mainly by flame radiation. The kiln gases 
are raised in temperature first by the combustion of the volatile matter in the 
coal and later by heat supplied from the combustion of the coke particles. The 
gas weight, composition, and temperature in each stage has been calculated, 
and the result is set down in Table 5. The figures in the table relate to the 
beginning of each stage and the direction taken is that of the material, so that 
the beginning of stage (11), for instance, is the end of stage (10). The cooler is 
represented by stage (14). 
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(38) Col. 5 of Table 5 relates to the cross section where the cooler joins the 
kiln. The air entering stage (13) is 10.31 lb. per lb. of coal, its pre-heat, as taken 
from the cooler heat balance, is 1,392 B.T.U. per lb. of coal, and the corresponding 


air temperature is 620 deg. F. 
TABLE 5. 
Gas CoMPOSITION AND TEMPERATURE IN COMBUSTION ZONE. 
(All quantities relate to the beginning of each stage.) 





1 | 

Stage (10) | 

(1) | 
O, 2.70 

H,O 0.43 | 


of combustion and of 
the excess air in lb. 
per lb. of coal used 

| From the raw material Oe 


| Weight of the products ots ( 


C 

2 
N2 7:75 
Air 0.40 
2.33 





Total 


13.61 


| Heat supply to gases, including pre- 
| heat in B.T.U. per Ib. of coal used | 8,272 
Gas temperature at beginning of 
stage, deg. F. ie ae os 2,450 2. 2,040 2,006 











Col. (1) relates to the end of the combustion zone, which in this instance is 
the beginning of stage (10), see point M on Fig. 6. Since combustion is complete 
the gas composition is taken from para. (10). The heat which has been supplied 
to the gases in order to raise their temperature to 2,450 deg. F. is 8,272 B.T.U. 
per lb. of coal used, as shown in line (7). This figure is taken from para. (33) 
lines (c) and (d). It remains to find the gas composition and temperature at 
the beginning of stages (11), (12), and (13). 

Commencing with stage (13), standard coal is used and the calorific value of 
its volatile matter is taken at 4,408 B.T.U. per lb. The volatile matter is 
assumed to burn completely in stage (13), so that the heat supplied to the kiln 
gases up to the beginning of stage (13) is 4,408 + 1,392 = 5,800 B.T.U. as shown 
in line (7). 

It is estimated that the combustion of the volatile matter uses up the hydrogen 
in the coal, thus producing 0:43 lb. of H,O. In addition 20 per cent. of the 
carbon is consumed, hence the CO, formed is 2.70 x 0.20 = 0.54 lb. The air 
required is calculated to be 3.09 lb., and the N, formed is 2.41 lb., hence the gas 
composition at the beginning of stage (13) is now known. 

Since the total heat of the gases above 60 deg. F. at this point is 5,800 B.T.U. 
per lb. of coal, the gas temperature can be found by trial. It is 2,006 deg. F. 

(39) In stages (12), (11), and (10) the heat supplied to raise the temperature 
of the products of combustion from 2,006 to 2,450 deg. F., and the temperature 
of the CO, leaving the raw material from 1,500 to 2,450 deg. F., is 8,272-5,800, 
or 2,472 B.T.U. per lb. of coal. The heat radiated to the material during the 
same period is 5,720 B.T.U. per lb. of coal. As the coke particles burn it 's 
assumed that the heat liberated from them at any instant will be sub-divided 
and applied in this proportion. The heat radiated in stages (12), (11), and (10) 
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can be obtained from Table 7 lines (1) and (2), and the heat supplied to raise the 
temperature of the kiln gases in each stage will be in proportion. The CO, due 
to combustion at the beginning of stages (11) and (12) can thus be obtained and 
the corresponding gas temperatures are found by trial. 

The Calculations of Stage Lengths. 

(40) Various figures which are required for calculation purposes are given 
in Table 6. 

Lines (1) to (4).—The figures given in stages (4) to (g) are based on para. (10), 
remembering that the moisture evaporated in stage (4) is 0.41 lb. and in stage (5) 
1.09 lb. per lb. of coal used. The figures in stages (10) to (12) are obtained from 
Table 5, remembering that Table 6 gives average values for each stage. 

Line (6).—For the method of estimating the charge in the kiln, see reference (7). 
Line (9).—These figures are obtained from Tables 4 and 5. 

Line (10).—These figures can be obtained from lines (4) and (a). 

Line (12).—-For values of H.,, see reference (7), para. 52. 

Line (13).—To obtain values of the convection constant H, see reference (A). 
Lines (14) and (15).—The values of PD are required for use with the tables 


of gas radiation, see reference (/)._P is the proportion of the gas present by volume 
as obtained from lines (2), (3), and (4) of this table, and D is the kiln diameter 
in feet after making some reduction for the space occupied by the charge. 

Lines (16) to (18).—These figures are based on the kiln diameter and on the 
charge in the kiln. 

(41) The rate of heat transfer in each of the kiln stages has been calculated 
in detail, and a summary of the results is given in Table 7. 

Explanation of Table 7. 

Lines (1) and (2).—These figures are obtained from the statement in para. (29). 
Note that in stages (4) and (5) the steam is superheated by mixture with other 
gases, and the heat required for this purpose is not included in the heat 
transmitted to the material. 

Lines (4) and (5) are obtained (later) during the calculations of heat transfer. 

Line (6) is obtained from para. (31). 

Line (7) expresses the capacity of the firebrick lining to take in heat from the 
gas or flame when passing through the upper arc, and to give out heat when 
passing under the charge. For further details see reference (m), para. 52. 

Line (8).—This is a factor depending on the diameter and pitch of the coke 
particles and on the diameter of the kiln. It is a measure of the capacity of the 
cylindrical mass of incandescent coke particles in each stage to send out black 
body radiation. The value of F is independent of the emission and absorption 
factors of the radiating surfaces. The initial diameter of the coal particles, as 
ground, has been taken at Io units, or 0.001 inch. For further details see 
reference (m). 

(42) Lines (9) to (12) refer to the heat transfer from the saa or gas in the 
space E to the upper (lining) arc ADB (see Fig. 8). 

Lines (13) to (16) relate to the heat transfer from the flame or gas in the 
space E to the material chord AB. 

Line (17) relates to the radiation from the (lining) arc ADB to the material 
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chord AB. Such radiation is partly absorbed by the gas present in the space E, 
and in the flame radiation zone it is obstructed by the incandescent coke 
particles. 

Line (18) relates to the heat transfer from the lower arc ACB to the material. 

Line (19) gives the loss due to radiation from the kiln shell. The temperature 
of the upper arc ADB in each stage is found by trial, from the condition that 
the heat which it receives per minute must be equal to the heat which it gives 
out. That is to say, the total in line (12) must equal the total in line (20). 

The average temperature of the lower arc ACB in each stage bears a definite 
relation to the average temperature of the upper arc ADB. This relationship 
depends on the lining storage factor, on the temperature of the gas or flame in 
the space E, and on the material temperature. For further details see 
Appendix para. (48). 

D 


A 
Fig. 8. 

(43) Line 22.—The length in the kiln required for each stage is calculated as 
follows, taking, for instance, stage (10). From line (1) the total heat to be trans- 
mitted in the stage is 2,630 B.T.U. for each lb. of coal used, and from para. (9) 
item (b) the coal used is 58 lb. per minute. From line (21) the heat transmitted 
per foot run of kiln per minute in stage (10) is 7,351 B.T.U. Hence the stage 
length required is 2,630 x 58 

7351 

(44) Line (23).—Allowing 3 ft. for stage (13) in which the exothermic reaction 
and the clinkering take place, the total length required for the kiln is 131.8 ft. 
On Fig. 3 the length from section KK to the upper end of the kiln according to 
measurements taken on the site is 135 ft., hence the calculated length is 3.2 ft. 
too short. The difference is slightly less than 2.5 per cent. Schedules of the 
heat transmission in stages (5), (8), and (11) are given in the Appendix. 

(45) It is apparent that the method of calculation previously developed can 
be safely applied to connect the internal surface area and the clinker output in 
the case of a rotary kiln working in conjunction with a calcinator or independent 
slurry drier. Assuming the kiln diameter to be uniform throughout (as it ma\ 
be), and using a standard coal consumption of 21 per cent., a table or graph can 


a 20.7 ft. 
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now be prepared which will give the kiln surface area (or the length of each 
stage) for any required output. It would be necessary to arrange on the graph 
for kiln diameters ranging from 6 to 12 ft. and for slurry moistures between 
10 and 18 per cent. This can conveniently be done. 


APPENDIX. 
(46) In addition to the figures given in Table 7, lines (g) to (21), the heat 


transmission is worked out in full in three representative stages, which are 


Stage (5), Drying \ Zone of gas radiation 
Stage (8), Raising material temperature / and convection. 
Stage (11), Decomposition of CaCO, .. Zone of flame radiation. 


Stage (5). 

Referring to the schedule of heat transmission for stage (5) [see para. (49)], 
the values given for black body radiation and for gas radiation are expressed 
in B.T.U. per square foot per minute, and are obtained from suitable tables 
‘see references (0) and (/), para 52]. 

Lines (10) to (21) of the schedule correspond to the lines in Table 7. The 
emission and absorption factors for the drying zone in lines (10), (14), and (17) 
are standardised values [see reference ())]. 

Values of H, and H,,, are taken from Table 6. 

The length of the upper lining arc, as taken from Table 6, is denoted by Lua, 
the length of the lower arc by Lla, and the chord length by Lc. 

In line (17) it is seen that part of the black body radiation from the upper 
arc to the material chord is absorbed by the gas. 

In line (19) the ratio of the shell radiation loss to the heat transmitted to the 
material is 0.168. This ratio is obtained from the statement in para. (29). 


(47) SCHEDULE OF HEAT TRANSMISSION IN STAGE (5). (DRyYING.) ZONE 
OF GAS RADIATION AND CONVECTION. 


Black body 
radiation. radiation. 


Wi Rie ccs ck 880 93 
(c) Material a es 232 6 


Radiation, gas to upper arc (142 — 30) xX 0.8 x Lua «« |p Rjaae 


c 


Convection, gas to upper arc (1,640 — 880) x a <~ Lue .. 309 


Radiation, gas to material chord (142 — 2) x 0.8 x Le oA 508 


Convection, gas to material chord (1,640 — 212) Xx a x Le 165 


Radiation, upper arc to material chord (93 — 30 — 6 + 2) x 0.8 
xO.8:% Le ae ae ae e< és es ; wi 
Heca 


Conduction, lining to material arc (880'— 212) x oa Lla 





Total to material 
Shell radiation loss, ratio 0.168 ‘ 


Total heat transmitted" 





Se Et ae re : cy 2a" 
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Stage (8). 

(48) In all stages after the drying zone it is necessary to take the lining storage 
factor (Lsf) into account. Its effect is to cause a temperature difference (Td) 
between the upper lining arc and the lower lining arc, which is given by 

Ta A(t —Esh) a ie sian AZ 
where A is the difference between the flame (or gas) temperature and the 
material temperature [see reference (q)]. Inserting in the formula values taken 
from the schedule of heat transmission for stage (8), we have 

Td = (2,249 — 892) (I — 0.86) = 190 deg. F. 

The average lining temperature (upper arc) is always found by trial [see 
para. (42)], and the average lining temperature (lower arc) is then obtained by 
deducting Td. 

The emission and absorption factors are now taken from the second column 
in Table XXVI [reference (p)]. In line (18) the low value of 0.75 is used as an 
emission and absorption factor for the material resting on the lower arc in order 
to compensate for the rise of the lump surface temperature during heating. 


(49) SCHEDULE OF HEAT TRANSMISSION IN STAGE (8). (RAISING 
MATERIAL TEMPERATURE.) ZONE OF GAS RADIATION AND CONVECTION. 


body radiation. Remarks. 
| radiation. 





(a) Gas ry Se ye . —- 218 Lsf = 0.86 
(6) Lining (upper arc) Ar 1,500 426 78 Td = 190 deg. F. 
(c) do. (lower arc) on 1,310 283 — 
(d) Material .. ~ we 892 97 22 
| 


(10) Radiation, gas to upper arc (218 — 78) x 0.9 X Lua ie 1,813 


(11) Convection, gas to upper arc (2,249 — 1,500) xX as. < Lwa... 287 


(14) Radiation, gas to material chord (218 — 22) x 0.85 x Le .. 746 


c 


(15) Convection, gas to material chord (2,249 — 892) x bo * Le 162 908 


(17) Radiation, upper arc to material chord (426 — 78 — 97 + 22) x 0.9 
x 0.85 x Le ss i es ‘se es ‘h Ne af 933 
(18) Radiation, lower arc to material (283 — 97) X 0.9 x 0.75 X Lla as 627 


Total to material .. <p 32,468 
(19) Shell radiation loss, ratioo.218 ... a > in? we te 540 


(21) Total heat transmitted .. | 3,008 


Stage (11). 

(50) In line (g) of the schedule “ F ”’ represents the density factor for the coke 
particles as taken from Table 7, and in line (10) the factor (1 — F) denotes the 
fraction of the upper arc which the gas can “ see”’ through the incandescent coke 
particles. The value of F at the centre of stage (11) is obtained from reference (7). 
In formula (3) of this reference D = 6.42, d = 10, Vp from Table 6 = 739, and 
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b is derived from Table 7, lines (1) and (2), since the rate at which a coke particle 
burns is proportional to the heat radiated. In this case b = 71 per cent. and 


2,219 X 6.42 (71) 


NaD = 
IO X 739 (100) 


= 1.54 
and F from Table V = 0.78. 

In line (17) the black body radiation from the upper arc to the material chord 
is partly absorbed by the gas, and only the fraction (1 — F) of the radiation not 
so absorbed is able to pass through the coke particles to the chord. 

When calculating Td in this stage the value of A in formula (2) is taken at 
(2,450—1,600) since the effect of the gas temperature is small. 


(51) SCHEDULE OF HEAT TRANSMISSION IN STAGE (II). (DECOMPOSITION 
OF CaCO 3.) ZONE OF FLAME RADIATION. 


| Black Gas 
body radiation. Remarks. 
radiation. 





Deg. F. 


' 

(a) F lame Si sa an | 2,45C¢ 2,070 ~ > = 0.78 

(b) Gas 2,166 sf = 0.71 

(c) Lining (upper arc) = 246 deg. F. 

(d) do. (lower arc) | 

(e) Material | | 
| 


2,043 1,133 
I 520 


,289 | 1,650 
,600 | 





(9) Radiation, flame to — arc (2,070 — 1,650) X F x 09 
x OG © Lees. ag me ae .- | 4,186 
(10) Radiation, gas to upper arc (211 = 243) (1 — F) x 0.9 x Lua | —100 


H,. 
Convection, gas to upper arc (2,166 — 2,289) x = x Lua.. — 40 
y 


Radiation, flame to material chord (2,070 — 520) x F x 0.9 

0.05: 4% he). oe is oo ig aia 4,531 
Radiation, gas to material chord (211 — 99) Xx (1 — F) 

x 0.85 x Le es fe AG a ws as i 103 


3 : H ; 
Convection, gas to material chord (2,166 — 1,600) x = x Le 55 4,689 
» 


Radiation, upper arc to material chord (1,656 — 243 — 520 + gg) ! 
x (§ — F) x 0.9 X. 0.85 x Le .. 812 
Radiation, lower arc to underside of suntetied, (1,133 _ 520) x 0.9 
x 0.75 X Lla ae o% os ed a es -. | 2,271 





Total to material .. “ 974 
Shell radiation loss, ratio 0.124 a as e “ a pore 963 


Total heat transmitted a 8,735 


REFERENCES TO PREVIOUS ARTICLES IN ‘‘ CEMENT AND CEMENT 
MANUFACTURE.” 

(52) (4) Cause of inefficient heat transmission in dry process kilns, 1936, 
January, p. 5, para. (274). (t) Estimation of the charge in the kiln, 1935, April, 
p. 89. (7) Values of H,.., 1934, January, pp. 1 to 4. (k) Heat transfer by 
convection, 1933, March, pp. 89-90. (1) Tables of gas radiation, 1933, March, 
pp. 83-86. (m) Storage factor for kiln lining, 1933, June, pp. 194-6. (mn) Density 
factor for incandescent coke particles, 1933, March, pp. 86-9. (0) Table of black 
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body radiation, 1933, March, pp. 79-82. (pf) Emission and absorption factors, 
1934, May, p. 127, Table XXVI. (g) Effect of the lining storage factor on the 
lining temperatures, 1934, May, pp. 130-I. 


(To be concluded.) 


Abstracts from the Foreign Press. 


Heat of Formation of Tricalcium Silicate at 1,300 deg. C.—By 
H. Elsner von Gronow. Zement, 1936, p. 61.—The heat of formation of 
tricalcium silicate from dicalcium silicate and lime at 1,300 deg. C. is 
— 0.13 kg. cal./mol. by calculation using fhe following data : 


Heat of formation of 3CaO.SiO, at 20 deg. C. .. — 0.47 kg. cal./mol. 
Specific heat of CaO, 20 deg.—1,300 deg. C... .. 15.58 kg. cal./mol. 
ss »  3CaO.SiO,, 20-1,500 deg. C. .. 71.25 kg. cal./mol. 
. if ,, p-2CaO.SiO,, 20-1,300 deg. C. .. 56.01 kg. cal./mol. 
Heat of hydration of 3CaO.SiO, at 20 deg. C. .. 27.4 kg. cal./mol. 
=120 cal./gm. 


B-2CaO.SiO, at 20 deg. C. .. 10.7 kg. cal./mol. 
= 62 cal./gm. 
i 2 CaO at 20 deg. C. o .. 15.64 kg. cal./mol. 
=279 cal./gm. 

The evolution of heat when f-2CaO.SiO, inverts to y-2CaO.SiO, is 6.0 cal./gm. 
at 20 deg. C.; at the inversion temperature of 675 deg. C. it is 8.8 cal./gm, The 
heat of formation at 20 deg. C. of B-2CaOSiO, from CaO and silicic acid gel is 
193.0 cal./gm. by the heat of solution method. If CaO and crystalline silica 
(quartz) are used the heat of formation of B-2CaO.SiO, is 173.6 cal./gm. at 
20 deg. C. if the heat of inversion of amorphous silica into quartz is taken as 
56 cal./gm. at 20 deg. C. 

Substances for Making Mortars Impermeable.—By K. Letters. Zement, 
1935, P- 777-—From sedimentation tests it was found that the effect of added 
materials was chiefly noticed on the cement gel. Deleterious materials such as 
soap and waterglass were differentiated from others such as common salt and 
calcium chloride by the voluminous sediment and gelatinous compounds obtained. 
A series of eleven commercial products and a potash soap as a comparison were 
investigated for their behaviour during sedimentation and for their effect on the 
specific volume and consistency of mortar. It was found that the liquid prepara- 
tions generally produced a tendency to increase the fluidity of the mortar while 
the pastes reduced the plasticity. The specific volume was decreased in most 
of the tests with the exception of one liquid and two pasty products. In general, 
all the products at present available for increasing the impermeability of mortar 
reduce the strength to a certain extent. 

Products of this type should not only make the mortar more impermeable 
but should produce a water-repellent substance dispersed in a colloidal condition 
through the mass which would reduce the amount of water required for gauging 
and hence increase the density and therefore the strength of the concrete. 
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The Well-Drill Method of Blasting. 


A REPORT by Mr. Tadashi Asano, published in the twenty-second annual report 
of the Association of Japanese Portland Cement Engineers, gives the following 
details of the cost of blasting limestone by the well-drill method. 

The quarry formerly consisted of two working floors, the lower being 78 ft. 
and the upper about 117 ft. in height. Since February, 1930, 11 shots 
had removed 340,000 tons of limestone from the lower quarry, so that there is 
now one working floor, 195 ft. high. 

The following notes deal principally with blasting by the well-drill method 
in the lower quarry. The machine used was a “ No. 3} Blast Hole Drill,” 
supplied by the Keystone Company, and provided with a 6 in. by 4 ft. 5 in. bit, 
4in. by 2oft. stem, 4in. by 2 ft. 8in. rope socket and a 1}-in. manila rope 
200 ft. long. The total weight was 1,619 lb. At first only one type of bit, a 
straight chisel-edge, was used, but later other types of bits were made. The 
machine was driven by a 15-h.p. slip-ring variabie-speed A.C. motor. 

The limestone is of the Ordovician formation, and is hard and tough. 

Table 1 gives the result of eleven blasts. The total number of holes was 96 
and the length about 89 in. This took 6,763 hours for drilling, repairing and 
moving the plant and unavoidable delays. The mean actual time of drilling, 
including the time occupied in baling, was about 2 ft. per hour. This was rather 
slow, and was due mainly to the caving of the holes, sticking of the bit, and 
other physical conditions of the rock. In the fourth blast, for instance, where 
there were few cavities and cleavages, the drilling speed was about 3 ft. 6 in. 
per hour compared with about 54 in. during the eighth blast where many cavities 
and irregular stratification were met. 

TABLE 1. 


Total length Total Drilling Drilling speed 
Number of of holes. working time. efficiency. per hour. 
holes. ft. Hours. Per cent. in. 
8 680 460 45-7 384 
IL 841 583 - 47.0 364 
11 937 638 50.3 344 
16 1475 824 49.8 42h 
3 244 187 47:8 
10 815 653 61.2 
7 335 5344 57-9 
3 186 624 64.2 
8 577 686 77-1 
11 785 844 81.2 
8 600 720 83.9 
96 7,363 6,763 oa 
Average 679 614 60.6 











Actual drilling time + time of baling J 


Drilling efficiency = 100 


Total working time 

The spacing of the drill holes ranged from about 13 ft. 6in. by 20 ft. to 
24 ft. by 28 ft. ; each hole was drilled down to 3 ft. to 6 ft. below ground level, 
that is 82 ft. to 85 ft. deep. The heaviest fall from one shot was 25,000 cub. yd. 
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and the lightest 5,450 cub. yd., averaging 15,300 cub. yd. The explosives used 
were all in powder form, such as carlit (ammonium-perchlorate powder), 
ammonium nitrate and gun cotton known as Yamashiro powder. The drill holes 
were loaded by pouring the powder through a funnel made of copper sheet, and 
tamped with a rod weighing about 26lb. Plain or countered Cordeau-Bickford 
detonating fuses were used. The results are given in Table 2. 


TABLE 2. 


Explosives. | 
Spacing. - |- - pon Rock 
ft. Total | blasted. 
Cub. yd. | Kind. amount. | Cordeau. Tons. 
lb. ft. 





134 x 19} 16,250 | No. 2 amm. 
nitrate. 
16423 | 13,500 Carlit 3,750 920 | 27,000 
16} X 25 | 15,500 | Yamashiro 3,900 1,000 30,000 
powder | 
- | (gun cotton). 
174X24 | 25,000 Carlit 5,500 1,600 | 34,221 
20 X26} 5,250 Carlit 1,200 290 17,602 
23 x 284 24,000 Carlit 3,750 820 45,00¢ 
244x28 | 9,300 Carlit 1,450 460 | 28,217 
29 X20 5,500 Carlit 980 160 16,916 
23428} | 18,000 Carlit 3,100 690 | 39,00c 
234X254 | 21,000 Carlit 3,900 720 | 50,000 
Yamashiro 460 
powder. 
183X244 | 13,500 Carlit 1,200 720 25,000 
| No. 3 amm. 1,750 
nitrate 
| Yamashiro 440 
powder. 


3,800 920 | +26,222 





Total | 166,800 | 323,399 | _- | 35,180 8,100 | 342,178 





Mean | 20 X26 | 15,000 29,400 | oo | 3,200 | 740. | 31,107 

The rock blasted per pound of explosive was from 6} to 19} tons, averaging 
go} tons ; this is considered a good result for this type of blasting. 

Secondary blasting was necessary because of the presence of a considerable 
amount of large rock which would have overloaded the 2} cub. yd. electric shovel 
used. About 35 to 40 per cent. of the rock obtained by primary blasting required 
secondary blasting. 

The blasted limestone is loaded by an electric shovel to trucks of 7 tons 
capacity, and a train of 15 trucks is hauled by a 50-h.p. Diesel locomotive to the 
crushing plant about 110 yd. distant. The daily capacity of loading and trans- 
porting is about 1,200 tons. 

The advantages of the well-drill method are: (a) safety, (b) fewer blasts, 
(c) uniform supply of stone. A comparison of costs of the two methods shows 
that the cost of primary blasting by the well-drill method is 40 per cent. lower 
than that of the benching method and 50 per cent. lower in total costs. 

In conclusion, the author states that the well-drill method had notable advan- 
tages in operation compared with the benching method, and the total cost per 
unit of broken limestone had been reduced by 50 per cent. 
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Effect of Temperature on Asbestos Cement 


Manufacture. 


IN a recent number of Zement (Vol. 25, 1936), R. Itschner states that in the 
manufacture of asbestos-cement articles the output in square feet of surface per 
ton of cement varies considerably according to the temperature. Where climatic 
conditions are favourable about 100 square feet more per ton of cement are pro- 
duced in summer than in winter. For this reason some manufacturers heat the 
materials by steam with the object of increasing the output. The most likely 
reason of the extra output is that as the rate of hydrolysis of cement increases 
with higher temperatures more Ca(OH), is liberated and it is necessary to use 
more water which is not included as raw material in the calculation of output. 

Generally speaking, there is very little accurate information available 
concerning the Ca(OH), content of set cement or asbestos cement. The following 
method has been used to make this determination. One gramme of finely- 
ground set cement or asbestos cement is made into a slurry with water, and 
phenolphthalein is added. CO, is then passed in until the pink colour disappears, 
an excess of CO, being avoided. The CO, content of the product is then deter- 
mined either by gas or gravimetric analysis, and the corresponding Ca(OH), 
calculated. Several hundred cements thus examined showed variations of 
about 30 per cent. 

The Ca(OH), acts only as a filler and causes efflorescence on the asbestos- 
cement slates when it is dissolved by rain or dew, and is then thrown out of 
solution again by the action of atmospheric carbon dioxide which causes a 
precipitate of calcium carbonate which spoils the appearance of the coloured 
surface. An attempt to prevent this efflorescence has been made by treating 
the slates with pure CO,, or gases containing CO,. The gas absorption is given 
in the table, which shows that the speed of gas absorption is high at the beginning 


Gm. CO, absorbed 
per square metre per hour. Time. 


1,500 ‘ Initial rate just after starting 
1,000 7 minutes 
500 21 5s 
25¢ : 1 hour 
125 3 hours 
62 


40 


and as it drops the gas must penetrate in order to neutralise the calcium hydroxide. 
After eight hours the absorption ceases almost completely for 4-mm. thick pressed 
material. The reaction is carried out in watertight receivers or channels in which 
the material is spread so as to give a clearance between the sheets or slates. 
The process is carried out so that while the temperature does not rise so high as 
to evaporate too much of the necessary water, on the other hand sufficient gas 
is present to cause the reaction to be carried out at such a speed that a portion 
of the water formed by the reaction evaporates and the gas can penetrate farther. 
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It appears that about 500 gm. of carbon dioxide per square metre of asbestos- 
cement slate (calculated for one side) is sufficient to cause the calcium hydroxide 
to be neutralised to a depth of some tenths of a millimetre and thus prevent the 
formation of efflorescence. At the same time this treatment results in an 
increase in strength of about 20 per cent. Although it might appear at first 
sight that the storage time of the products could be shortened by this process, 
this is not so because the hardening process of the cement must be carried to 
such a point that temperature and humidity differences on the upper and lower 
surfaces of the slates will not cause distortion. 


Book Review. 


‘¢ Bautenschutzmittel.’’ By C. R. Platzmann. Berlin: Chemisches Labora- 
torium fiir Tonindustrie und Tonindustrie Zeitung Prof. Dr. H. Seger und 
E. Cramer G.m.b.H. 96 pages. No price stated. 

In this publication a great deal of useful information has been collected to- 
gether about substances used for protecting materials used in building construction. 
The matter has been divided into five chapters. Chapter 1 is an introduction 
and sets out the subject in general. In Chapter 2 a description of the various 
protective substances is given, divided into groups. Group 1 includes substances 
added to mortars and concretes for increasing density or reducing porosity, 
such as soaps; substances for preventing damage by frost and accelerators 
such as calcium chloride are included in this group. Group 2 deals with substances 
which react chemically with the mortar or concrete, such as sodium silicate 
and the fluosilicates ; several pages are devoted to the latter, and their effect on 
surface hardening and porosity is emphasised. Group 3 includes materials used 
as an outside application, including transparent coats such as kerosene and wax 
in chlorinated hydrocarbons (trichlorethylene), of which it is stated there are no 
really satisfactory types, black coatings such as tar, bitumen emulsions, bitumen 
with fillers, and natural asphalts, stearine, or wool-fat mixtures with coloured 
fillers. Group 4 includes substances used for protecting timber from attack by 
rot and insects and for fireproofing ; among those described are zinc chloride, 
nitrated phenols, fluosilicic acid, and ammonium salts. In Chapter 3 the methods 
of using the substances dealt with in Chapter 2 are described. Chapter 4 describes 
the methods of testing protective substances. Chapter 5 is a list of commercial 
protective materials marketed in Germany. The bibliography contains 96 
references. There is no index, but there is a fairly complete table of contents. 
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Staining Test for Cements. 


THE following note is reprinted from the Technical News Bulletin of the National 
Bureau of Standards. 


Some of our most widely used limestones have discoloured, in many instances, 
when used with either natural or Portland cement mortars. The discoloration 
is usually brown, and the stained areas ordinarily occur adjacent to the mortar 
joints. The appearance of the stain has led many to assume that it was caused by 
the iron impurities in the cement. This theory was disproved by studies at the 
Bureau several years ago; when it was found that the stain originated from organic 
matter occurring in the stone. It was also found that the iron impurities of the 
cement took no part in the staining, but some other elements, such as water- 
soluble alkalis, apparently dislodged the organic matter from the minute voids in 
stone. 


Experience has indicated that some brands of cement do not cause appreciable 
staining when used for setting stone, while others frequently cause unsightly 
discolorations. For this reason it is desirable to have a test to determine whether 
a cement is non-staining. Two methods have been used, one of which depends on 
the amount of water-soluble alkalis in the hydrated cement, and the other consists 
of leaching a joint of the cement mortar in contact with a sample of the limestone. 
These tests often fail to give concordant results when applied to the same sample. 


Laboratory experiments, as well as discoloration on buildings, lead to the belief 
that the organic matter causing the stain is not un formly distributed throughout 
the stone, and hence a test made on any sample of stone is apt to give misleading 
results. During the past year studies have been made on a means of eliminating 
the effect of segregated staining matter and a procedure has been found which 
has apparently overcome the uncertainties of the results. This employs the use 
of crushed stone rather than a sample in its natural state. By crushing a large 
sample of the stone and thoroughly mixing it, a uniform mass is obtained which 
can be used as a standard for testing numerous samples of cement. Considerable 
difficulty was experienced in finding a process that would give a positive test with 
crushed stone because it does not discolour as readily as stone in its natural state. 


A mixture of the cement and water is made and allowed to harden for 48 
hours, after which it is crushed to pass a No. 4 sieve. A sample weighing 140 g. 
of the cement is tamped around a -in. glass tube centered in a glass vessel approxi- 
mately 3 in. in diameter and 44 in. high. Over this is tamped 375 g. of the crushed 
stone sample. The remaining portion is then filled with stone dust passing a 100- 
mesh sieve and levelled. 


Sixty-five ml. of distilled water are poured down the tube. When the moisture 
rises to the top of the stone dust the mass is compacted and levelled with a trowel, 
after which a filter paper, through which the tube projects, is sealed down and 
crimped over the edge of the vessel. The specimen is then dried at 50 deg. C. 
for 48 hours, and the discoloration forms on the filter paper. A quantitative 
measurement of the discoloration may be made with a reflectometer. 
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Recent Patents Relating to Cement. 


Cements, Concretes, and Mortars. 

442,765. Chemische Fabrik Grunau 
Landshoff & Meyer Akt.-Ges., Griinau, 
Berlin. April 2, 1935. 

To hydraulic binders such as Portland 
cement or concretes or mortars made 
therefrom is added a salt mixture free 
from organic compounds and containing 
only alkali silicate and one or more other 
salts which, on the introduction of water, 
do not form insoluble or difficultly 
soluble compounds with the alkali silicate 
or precipitate the silica thereof and the 
anions of which do not contain a 
metal. Examples of the salts are 
alkali phosphates, phosphides, borates, 
thiosulphates, sulphites, metasulphites, 
sulphides, cyanides, cyanates,  thio- 
cyanates, nitrates, nitrites, chlorides, 
chlorates, bromides, bromates, iodides, 
iodates, fluorides, silicofluorides, and 
arsenic-, antimony- and __ selenium- 
containing salts. 

Refractory Substances. 

444,323. National Aluminate Cor- 
poration, 6216, West 66th Place, Chicago, 
U.S.A.—(Assignees of J. M. McKinley, 
and W. K. Carter). Sept. 18, 1934. 

Refractory material, consisting mainly 
of clay or of clay and silica, is bonded by 
preformed sodium aluminate, preferably 
sodium meta-aluminate ; the proportion 
of the bonding agent may be 1 to 5 per 
cent. The strength of the mouldable 


mass and the strength and resistance to 
spalling of the fired articles are increased by 
the addition, and the porosity of the ware 
and the shrinkage on firing diminished. 
A suitable composition for a fire-brick 
consists of 80 parts of clay, 20 parts of 
previously-fired clay, and 2 parts of 
sodium aluminate. Another composition 
consists of 30 parts of flint clay, 20 parts 
semi-plastic clay, 10 parts of plastic clay, 
50 parts of ground brick-bats, and from 
$4 to 14 parts of sodium aluminate. A 
refractory patching cement comprises 
70 parts of grog, 20 parts of semi-hard 
clay, 10 parts of plastic clay, and 1 part 
of sodium aluminate. The aluminate is 
added as an aqueous solution or disper- 
sion. The mixture after moulding is 
dried and fired at about 2000 deg. F. 


PATENT. 


The Proprietors of British Patents No. 
275,463 for ‘‘ Improvements in or relating 
to the Treatment of Carbonate materials ”’ 
and No. 269,480 for ‘Improvements in 
or relating to methods of and apparatus 
for treating materials’’ desire to introduce 
their inventions to the notice of manufac- 
turers and others with a view to the 
inventions being worked commercially 
under licence or otherwise. All communi- 
cations to be addressed to JENSEN & 
SON, Chartered Patent Agents, 77, 
Chancery Lane, London, W.C.2. 
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